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FRICTION IN BEARINGS

1. NOTATION AND UNITS

P bearing pressure or specific loading defined as the bearing load divided by the ars&m?
of the bearing. The area of the bearing is always taken to be the area available for
carrying the load projected onto a plane that is perpendicular to the load vector. In
simple pad bearings and thrust bearings this area will be the same as the nominal
area of the bearing. However, in journal bearings for example, the bearing area is
simply the journal diameter multiplied by the axial length of the bearing.

Bearing area/\ = bd

Bearing area
_ T2 2|
A= 4(D d?)

diameter of the journal and

d
‘ D
JOURNAL BEARING THRUST BEARING
\% equivalent sliding speed of the bearing. In journal bearings the sliding speed ism/s
evaluated at the periphery of the journal and is sinmudN wiekre is the

is the rotational speed of the journal relative to the
bearing. In thrust bearings, however, the sliding speed is of necessity evaluated at
the mean diameter of the bearing.
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JOURNAL BEARING

d. = (d+D)/2

V = mdN

D
THRUSTBEARING

V] coefficient of fricton defined as the frictional force divided by the bearing load in
translational motion. In rotary motion, the coefficient of friction is defined in terms

of the frictional torqueM , a8M/Wd

in journal bearings amM/wd,_,

in thrust

bearings, wher&/ is the bearing load. The power loss is obtained by multiplying
the coefficient of kinetic friction by the load and the equivalent sliding speed.

Frictiona
moment, M

JOURNAL BEARING

d. = (d+ D)2

- - | — Frictional
moment, M

THRUST BEARING
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2. INTRODUCTION

This Item indicates the ranges of the coefficients of friction to be expecitedustrial bearings. Where
appropriate, the variation of the coefficient of fiom with operating parameters for a particular example

of each type of bearing is indicated. Only those bearings in which direct rubbing and rolling of contacting
surfaces occurs or in which the surfaces are separated by fluid pressures within a lubricating film are
considered. Other bearings, such as magnetic bearings and flexural pivots (see RBferaieh friction

is potentially absent, are not considered.

Rubbing
bearings

Self acting fluid film (hydrodynamic
and aerodynamic) bearings and
rolling bearings

Externally pressurised fluid film
(hydrostatic anderostatic) bearings

| |
I | |
0.0001 0.001 0.01 Vi 0.1 1.0

Sketch 2.1 Order of magnitude of the coefficient of friction in the major classes of bearing

The coefficients of friction in the beags considered cover several orders of magnitude as indicated in
Sketch2.1 Rubbing bearings, which include both dry rubbing bearings and boundary lubricated bearings,
display the highest coefficients of friction, usually in the range 0.05 to 0.3 although values outside of this
range are possible. In those fluid film bearings in which the lubricating film is maintained by the relative
motion of opposing surfaces, such as hydrodynamic bearings and self acting gas bearings (aerodynamic
bearings), the coefficient of friction is commonly in the range 0.001 to 0.01 although values up to or beyond
0.1 are found in high speed, lightly loaded applications. In externally pressurised bearings (hydrostatic and
aerostatic bearings) maintenance of a lubricating film does not rely on relative motioreffitieots of

friction less than 0.001 are commonly displayed. As a class, rolling bearings display coefficients of friction
similar to those of hydrodynamic aadrodynamic bearings although theffients of friction of the two

types of bearings will not necessarily be similar in specific applications.
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RUBBING BEARINGS

Direct rubbing contact without the benefit of a separating fluid film is found in low speed
parts in domestic and industrial applications, motor vehicle linkages, hinges and c ,é'/f(///////////
small boat tackle, instrument spindles, electro-mechanical audio/visual and o:ﬁ/){ /
equipment, camaras, toys, clockwork mechanisms, materials handling and pac
machines. Other examples are to be found in the food processing industries and whe /af,a’,’f
operation in vacuum or at extremes of temperature is required. Direct rubbing contact may

also occur between machine components and the process material is in textile machines. Rubbing contac
is characterised byldnetic friction which is substantially independent of the nominal contaetand the
viscosity of any liquids present.

<

N

RUBBING CONTACT

The term rubbing is here used to denote situatio
which opposing component surfaces are in nomi
direct rubbing contact and any fluid present plays
significant part in physically separating the surfac@s

SURFACE FILMS

Most engineering components in rubbing contact, especially
components, will be protected by surface films which will either be fortuitg
present or will have been applied by some process, often for the purpg
combating wear (see Reence?).

e Oxide films and other coatings
e Hardened surface layers.
e Absorbed films of, for example, fatty acids.

e Sulphur and phosphorus containing films formed by chemical reac
with “active” oil additives.

e Films of certain lamellar (plate like structure)idslsuch as graphite
and MoS.

e Films of low shear strength metals such as lead and tin.

e Conversion coatings such as provided by phosphating.

FRICTION WITH LIQUIDS

The presence of a liquid does not necessarily re
friction unless the liquid has favourable bound

lubricating properties. Even so, any reductiongin
friction is rarely gnificant except with metalli
surfaces.
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3.1 Metallic Materials Rubbing on Metallic or Ceramic Counterfaces

Application

Examples of metallic components rubbing on metallic or ceramic counterfaces can be found in almost every
machine. Commonly, a minerail or grease with, perhaps, lubrication enhancing additives will be present.
However, dry operation is possible with protective coatings and treatments or with special solid lubricant
impregnated metals.

Coefficients of friction in practice

The coefficient of kinetic friction between untreated metal surfaces may, typically, be in the range of 0.4

to 1.0 when only protected by the natural oxide film that is inevitably present in air applications. However,

in most engineering applications additional protection of the surfaces will have been provided and

coefficients of frition in the range 0.05 to 0.2 are then usual. The lower values of fricedffic@ntwithin

this range are usually only obtained where some form of chemically active boundary lubricant is present
although similarly low values are also possible with some solid lubricant films at high loadings.

Coefficient of friction in particular cases

In particular metallic bearings the variation of the coefficient of friction with specific Bad, , and sliding
speedV , depends on the nature of the film protecting tfeees. In the example of a gtdte impregnated
bronze bearing (see Sket8Hl) the coefficient frition is insensitive to sliding speed and decreases with
specific loading. A similar variation of the coefficient of friction might be expected with metallic
components that have been given a graphite-containing surface coating (see R2fefequaie different
behaviour is exhibited in the example of a boundary lubricated bearing. In this particular bearing (see
Sketch3.1) the coefficient of fridbn increases with both specific load and sliding speed. In all bearings
that rely on a thin protective film, breakdown of the film and an abrupt increase in friction can occur at a
particular temperature and loading.

METALLIC MATERIALS ON METALLIC OR CERAMIC COUNTERFACES

Typical u: 0.05t0 0.2

Applications :
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« Boundary lubricated sleevesérings in earth moving and agricultural equipment.
* Machine tool slideways.
 Aircraft control surface bemgs.

» Bearings in mining equipment and the offshore industry.

e General low duty bearings.
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EXAMPLE 1 |SOLID LUBRICANT BEARINGS

This example is of a 0.03 m diameter hardened Jgeel
journal rotating intermittently in a graphite impregnaf@d
bronze bearing (material G1 of Referen8e Dry
operation at an ambient temperature of 100°C has feen
assumed.

P, MN/m?

0 0.1 0.2
V, m/s SOLID LUBRICANT COATINGS
VARIATION OF I FOR GRAPHITE IMPREGNATED BRONZE BEARING

Similar values ofy are obtained betwd
contacting metallic components that h
been given a solid lubricant coating.

POROUS METAL BEARINGS MACHINE TOOL SLIDEWAYS

Oil impregnated porous metal bearings can op4g
as hydrodynamic film bearings under id
conditions but they more typically operate
much thinner lubricant films (in the so-called mix
lubrication regime) with a coefficient of friction
the range 0.02 to 0.05.

Plain machine tool slideways often operate with boun
lubrication and a coefficient of friction of about O
However, their tribological behaviour depends criticall
surface topography (see Refered¥@nd with very caref
design itis possible for hydrodynamic lubricating films tq
developed at normal working sliding speeds (usually
200 mm/min) and for coefficients of friction between 0
and 0.05 to be attained.

EXAMPLE 2 | BOUNDARY LUBRICATED

BEARINGS
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This example is of a 0.03 m diameter hardened steel jojirnal
rotating continuously in a leaded bronze bearing designgd to
operate with good boundary lubrication such as providedgpy a
lithium — hydroxystearate petroleum base grease. Ndrmal
ambient temperature has been assumed.

P, MN/m?

Hydrodynamic¢
T T I T

V, m/s
VARIATION OF HFOR LEADED BRONZE WITH GOOD BOUNDARY LUBRICATION

| |
0.1 0.2

0.3

Sketch 3.1
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3.2 Polymer Based Materials Rubbing on Metallic or Ceramic Counterfaces

Application

Polymer based materials for rubbing bearing applications include both filled and unfilled thermoplastics
as well as reinforced thermosets and thin layer materials consisting of a polymer bearing layer on a metallic
or plastic based backing. Rubbing bearings utilising polymer based materials are found in numerous
applications from consumer durables to nuclear reactor plant and aircraft. In many of these applications
the bearings operate dry although liquid contaminants such as water may be present. In some application:
additional grease lubrication is applied.

Coefficients of friction in practice

The coefficient okinetic friction of polymer based materials rubbing on metallicevamic ounterfaces

can exceed unity with materials such as rubber. However, with the materials that find application as rubbing
bearings (see Referen8g coefficients of friction between 0.05 and 0.3 are usual. The lower values of
friction coefficient wthin this range are usually only obtained with materials incorporating a PTFE based
surface layer (so called thin-layer materials). Although liquids \efflective baindary lubricating
properties for polymers are known, in general the coefficient of friction in the presence of liquids is little
different from that in their absence.

Coefficient of friction in particular cases

In particular bearings the coefficient of friction depends primarily on the specific loading and the rubbing
speed. The three example bearings considered in SRetchtilise materials displaying quite distinct
behaviours. With filled PTFE materials the coefficient of friction is typically insensitive to temperature
(and hence to rubbing speed). With materials such as polyethylene, however, fricgas@s withubbing

speed while with most thin layer materials the friction decreases.

POLYMER BASED MATERIALS ON METALLIC OR CERAMIC COUNTERFACES

Typical u : 0.05t0 0.3

Applications :

» Brushes and thrust washers in consumer durables, office equipment and automapbiles.
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» Aircraft control andundecarriage beangs.

» Spindle bearings in textile and food processing machinery and in materials handling
equipment.

« Journal, thrust and slideway bearings in gate valves and similar mechanisms operating
with water and/or abrasives.

» Specialised nuclear industry bearings and cryogenic bearings.
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EXAMPLE 1 [POLYETHYLENE BEARINGS
This example is of a 0.03 m diameter stainless
journal rotating intermittently in a bearing lin|
with an ultra high molecular weight (UHM
polyethylene (material A5 of Referen&. Dry
operation has been assumed at normal a
temperature.

P, MN/m?

NOTE

The indicated values qf are attaingple
in well designed bearings where e
material has been carefully chosen forghe
operating conditions (see Referengef3
Higher values may apply in individUgl
cases

0 V, m/s 0.1
VARIATION OF p FOR POLYETHYLENE BEARINGS

EXAMPLE 2 |FILLED PTFE BEARING

This example is of a 0.03 m diameter stainless
journal rotating intermittently in a bearing lin
with a bronze and graphite filed PTFE (materia
of Referenc@). Dry operation has been assume
normal ambient temperature.

0 V, m/s 0.1
VARIATION OF p FOR BRONZE/GRAPHITE FILLED PTFE BEARIN

10

EXAMPLE 3 THIN LAYER MATERIAL BEARING

This example is of a 0.03 m diameter stainless steel jo
rotating intermittently in a bearing lined with a thin la
material consisting of a PTFE/lead/bronze sinter on a
backing (material D1 of Referen&. Dry operation ha
been assumed at normal ambient temperature.

ESDU Copyright material. For current status contact ESDU.

P, MN/m?

FRICTION OF PTFE

The low friction properties PTFE are someti
overstated. Coefficients of friction as low as 0.02
possible but only at very low rubbing speeds
high loadings. The starting coefficient of friction g
01 be extremely high in bearings that have Q
stationary under load.

0 V, m/s

VARIATION OF 4 FOR A THIN LAYER MATERIAL BEARING

Sketch 3.2
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